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(57) ABSTRACT

A zero-order overlay target comprises a first zero-order line
array fabricated on a first layer of a semiconductor structure,
the first zero-order line array having a first pitch, and a second
zero-order line array fabricated on a second layer of the
semiconductor structure, the second zero-order line array
having a second pitch. The second pitch may be different
from the first pitch, and a portion of the second zero-order line
array may be positioned to become optically coupled to a
portion of the first zero-order line array when subject to an
overlay measurement. Further, the second pitch may be vari-
able. For example, the variable pitch may comprise a first set
of features having a pitch approximately equal to the first
pitch, asecond set of features having a pitch different from the
first pitch, and a third set of features having a pitch approxi-
mately equal to the first pitch.
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ZERO-ORDER OVERLAY TARGETS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to semicon-
ductor manufacturing and, more particularly, to zero-order
overlay targets.

[0003] 2. Description of Related Art

[0004] Semiconductor manufacturing generally involves
the formation of several layers of different materials on top of
each other. For example, features such as transistor gates and
interconnects are created within separate layers of the same
integrated circuit, and thus require distinct lithography steps.
Typically, the alignment tolerance of these layers is less than
the width of a single gate.

[0005] The term “overlay” generally refers to the displace-
ment of a layer from its ideal position with respect to a lower
layer. In most instances, the overlay may be represented by a
two dimensional vector in the plane of the semiconductor
wafer. The goal of overlay metrology is to determine and
correct overlay errors, thus providing structures that have
approximately perfect overlay or alignment.

BRIEF SUMMARY OF THE INVENTION

[0006] The present invention provides zero-order overlay
targets. In one embodiment, an overlay target comprises a first
zero-order line array fabricated on a first layer of a semicon-
ductor structure, the first zero-order line array having a first
pitch, and a second zero-order line array fabricated on a
second layer of the semiconductor structure, the second zero-
order line array having a second pitch. The second pitch may
be different from the first pitch, and a portion of the second
zero-order line array may be positioned to become optically
coupled to a portion of the first zero-order line array when
subject to an overlay measurement procedure. Further, the
second pitch may be variable. For example, the variable pitch
may comprise a first set of features having a pitch approxi-
mately equal to the first pitch, a second set of features having
a pitch different from the first pitch, and a third set of features
having a pitch approximately equal to the first pitch, the
second set of features being positioned between the first and
third sets of features. The first and second layer may be
adjacent to each other, or may have an intermediate layer
therebetween.

[0007] In another embodiment, a method comprises pro-
viding a semiconductor substrate, etching a first zero-order
line array on the semiconductor substrate, the first zero-order
line array having a first pitch, depositing a polycrystalline
silicon layer over the first zero-order line array portion of the
semiconductor substrate, depositing a resist over the poly-
crystalline silicon layer, and imaging a second zero-order line
array upon the resist, the second zero-order line array having
a second pitch. In yet another embodiment, a method com-
prises providing a semiconductor substrate, creating an over-
lay target on the semiconductor substrate, the target compris-
ing: a first zero-order line array fabricated on a first layer of a
semiconductor structure, the first zero-order line array having
a first pitch, and a second zero-order line array fabricated on
a second layer of the semiconductor structure, the second
zero-order line array having a second pitch. The method may
further comprise imaging the overlay target to determine an
offset, and then correcting the offset.
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[0008] The term “coupled” is defined as optically con-
nected, although not necessarily directly. The terms “a” and
“an” are defined as one or more unless this disclosure explic-
itly requires otherwise. The terms “substantially,” “approxi-
mately,” “about,” and variations thereof are defined as being
largely but not necessarily wholly what is specified, as under-
stood by a person of ordinary skill in the art. In one non-
limiting embodiment, the term substantially refers to ranges
within 10%, preferably within 5%, more preferably within
1%, and most preferably within 0.5% of what is specified.
[0009] The terms “comprise” (and any form of comprise,
such as “comprises” and “comprising”), “have” (and any
form of have, such as “has” and “having”), “include” (and any
form of include, such as “includes” and “including”) and
“contain” (and any form of contain, such as “contains” and
“containing”) are open-ended linking verbs. As a result, a
method or device that “comprises,” “has,” “includes” or “con-
tains” one or more steps or elements possesses those one or
more steps or elements, but is not limited to possessing only
those one or more elements. Likewise, a step of a method or
an element of a device that “comprises,” “has,” “includes” or
“contains” one or more features possesses those one or more
features, but is not limited to possessing only those one or
more features. Furthermore, a device or structure that is con-
figured in a certain way is configured in at least that way, but
it may also be configured in ways other than those specifically
described.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] For a more complete understanding of the present
invention, reference is now made to the following drawings,
in which:

[0011] FIG. 1 is a top view of a semiconductor wafer
according to an illustrative embodiment of the present inven-
tion.

[0012] FIG. 2 is a block a diagram of an overlay metrology
system according to an illustrative embodiment of the present
invention.

[0013] FIGS. 3A-D are cross-section views of a semicon-
ductor structure illustrating fabrication steps of a zero-order
overlay target according to an illustrative embodiment of the
present invention.

[0014] FIG. 4 is a cross-section view of a zero-order over-
lay target according to an illustrative embodiment of the
present invention.

[0015] FIGS. 5A-C are graphs illustrating simulated over-
lay measurements according to an illustrative embodiment of
the present invention.

[0016] FIGS. 6 A-C are graphs illustrating additional simu-
lated overlay measurements according to an illustrative
embodiment of the present invention.

[0017] FIG. 7 is a cross-section view of another zero-order
overlay target according to an illustrative embodiment of the
present invention.

[0018] FIGS. 8A-C are graphs illustrating simulated over-
lay measurements according to another illustrative embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] In the following detailed description, reference is
made to the accompanying drawings that illustrate embodi-
ments of the present invention. These embodiments are
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described in sufficient detail to enable a person of ordinary
skill in the art to practice the invention without undue experi-
mentation. It should be understood, however, that the
embodiments and examples described herein are given by
way of example only, and not by way of limitation. Various
substitutions, modifications, additions, and rearrangements
may be made without departing from the spirit of the present
invention. Therefore, the description that follows is not to be
taken in a limited sense, and the scope of the present invention
is defined only by the appended claims.

[0020] Turning to FIG. 1, a top view of a semiconductor
wafer is depicted according to one embodiment of the present
invention. Wafer 100 comprises device or production area
101, upon which semiconductor devices may be fabricated. In
addition, wafer 100 comprises one or more overlay targets
areas 102 and 103 (not drawn to scale). In this illustrative
example, overlay target area 102 may comprise features that
allow an overlay error or offset to be measured in the y axis,
whereas target area 103 may contain features for measuring
an offset in the x axis. In alternative embodiments, target
areas 102 and 103 may be replaced by a single target area that
allows both y and x axis measurements. Also, wafer 100 may
also comprise a plurality of die within production area 101,
each die having its own set of overlay targets. In some
embodiments, overlay targets may be placed throughout the
die, in die, or in scribe.

[0021] FIG. 2 shows overlay metrology system 200 accord-
ing to one embodiment of the present invention. Wafer 100
rests on top of stage 201. Imager 202 is configured to obtain
an optical image of at least a portion of wafer 100. Mean-
while, computer 203 controls and/or receives the optical
image from imager 202. Overlay metrology system 200 is
typically implemented within the chamber of a semiconduc-
tor processing tool such as, for example, a lithography tool. In
some embodiments, imager 202 may be a microscope, scat-
terometer, or the like.

[0022] With respect to FIGS. 3A-D, cross-section views of
a semiconductor structure are provided to illustrate steps
involved in the fabrication of a zero-order overlay target,
according to one embodiment of the present invention. In an
initial step shown in FIG. 3A, semiconductor substrate 300 is
provided. Substrate 300 may be, for example, within target
areas 102 and/or 103 of wafer 100 shown in FIG. 1. Then, two
or more “trenches” 301 are etched from substrate 300, as
shown in FIG. 3B. For example, trenches 301 may be filled
with a deposit of oxide or the like. FIG. 3C depicts polycrys-
talline silicon layer 302 deposited over substrate 300 and
trenches 301. Lastly, as shown in FIG. 3D, resist 303 may be
deposited and patterned over polycrystalline silicon layer
302, thus forming a plurality of “bars” thereon. As a person of
ordinary skill in the art will readily recognized in light of this
disclosure, FIGS. 3A-D are provided for illustration purposes
only, and several variations in the aforementioned steps and/
or materials are allowed in the fabrication of zero-order over-
lay targets according to the present invention.

[0023] The resulting zero-order overlay target may com-
prise two sets of zero-order line arrays, each line array within
a different layer of the semiconductor structure. For instance,
a first zero-order line array (e.g., as defined by oxide-filled
trenches 301 in FIGS. 3B-D) may be fabricated on a first layer
of'the semiconductor structure, while a second zero-order line
array (e.g., as defined by resist bars 303) may be fabricated on
a second layer of the semiconductor structure. The term
“zero-order line array” refers to a line array that has a pitch
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(i.e., the distance between the center of two adjacent trenches,
bars, or other features) that may be approximately equal to
one half (V) of the wavelength of the imager used in making
overlay measurements (e.g., imager 202 of FIG. 2). There
may be a large range for zero-order structures relative to the
measurement wavelength. Each zero-order line array, when
imaged individually, yields a zero order optical reflection and
therefore is generally invisible to the imager. When two sets
of zero-order line arrays are optically coupled, however, they
create a “superstructure” that reflects a higher order optical
signal if one zero-order line array has a pitch that is different
from the pitch of the other zero-order line.

[0024] The zero-order overlay target design shown in FIG.
4 comprises a first set of zero-order line arrays at layer 401
and a second set of zero-order line arrays at layer 402. These
zero-order line arrays may be repeated a number of times (or
periods) to form a longer array, and the bars or trenches
making up each zero-order line array may be segmented or
continuous. Further, two such patterns may be place at right
angles to one another forming a “T”” shape or an “L” shape to
provide both x and y offset information. They may be used
independently or combined, thus requiring either one or two
actual image acquisitions for each axis. Alternatively, a series
of vias, contacts, or two-dimensional structures may be
placed over one another forming a fully two-dimensional
implementation. One implementation may use an array of
posts or contact holes allowing simultaneous measurement
from the combined interference results of the differing two-
level pitch of the two-dimensional features.

EXAMPLE NO. 1

[0025] In one illustrative target design using the arrange-
ment generally described in FIG. 4, the pitch of the second
zero-order line array (within layer 402) is 200 nm, and the
pitch of the first zero-order line array (within layer 401) is 190
nm. The width of the trenches and bars within layers 401 and
402, respectively, may be approximately 50 nm. Further, the
depth of the trenches and height of the bars is about 100 nm.
If the lines are 5 microns in length, the resulting target is
approximately 5x12 microns in size. However, the size of the
target that can be used may depend upon specific application
requirements. In this example, the first and second zero-order
line arrays, when imaged separately, are substantially invis-
ible to a wavelength of about 546 nm.

[0026] FIG. 5A shows a simulated graph of the target pat-
tern of this example having 60 bars in the second zero-order
line array and 60 trenches in the first zero-order line. The
x-axis shows distance and the y axis represents intensity. The
resulting scattered electromagnetic field has higher order
content resulting from the combined physical structure,
which now reflects the higher order content. Curve 501
includes “fiducials” 502 (due to the extremities or outer edges
of the target) that do not generally move in the x-direction in
the presence of offsets. FIG. 5B zooms into the mid-20 fea-
tures located around the center of curve 501, and shows two
different offsets 503 and 504 for different simulations.
[0027] The lateral shift or horizontal distance between
curves 503 and 504 is due to the overlay offset and relative
pitch ratio or magnification factor. One method for determin-
ing the overlay offset comprises using an image folding tech-
nique. This method determines an asymmetry in the center
portion of curve 501 between fiducials 502 and attributes that
asymmetry to the offset (if curve 501 is symmetric, there is a
perfect overlay), while taking into account a magnification
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factor. Other offset measurement methods may also be used,
such as, for example, reversion methods, signal peak approxi-
mations, or the like.

[0028] The magnification factor may be further understood
with respect to F1G. 5C, where the x axis shows actual overlay
shift (on the semiconductor structure) and the y axis shows
the overlay shift measured using graphs 503 and 504. In this
example, the magnification factor is shown in curve 505 to be
about 40 times—i.e., a real overlay offset of about 2 nm is
perceived as an asymmetry in curve 501 of about 40 nm.

EXAMPLE NO. 2

[0029] In another illustrative target design using the
arrangement shown in FIG. 4, the pitch of the second zero-
order line array (within layer 402) is 200 nm and the pitch of
the first zero-order line array (within layer 401) is 150 nm.
The width, depth, and height of the trenches and bars within
layers 401 and 402 are identical. Again, the first and second
zero-order line sets, when imaged separately, are substan-
tially invisible to a wavelength of about 546 nm or only reflect
specular content.

[0030] FIG. 6A is a simulated graph of a target pattern
(similar to the one of FIG. 5A) showing curve 601 and fidu-
cials 602. FIG. 6B shows a zoom in the central 20 features of
curve 601 revealing two different offsets 603 and 604 for
different simulations. The magnification factor of this
arrangement is shown by curve 605 to be of about 2 times—
i.e., a real overlay offset of about 2 nm is perceived as a shift
in the curve (603 versus 604) of about 4 nm. However, it
should be noted that curve 605 is more non-linear than curve
505 of FIG. 5C.

EXAMPLE NO. 3

[0031] In certain embodiments of the present invention, at
least one of the lines fabricated in the overlay target may have
a variable pitch. For example, with respect to FIG. 7, the
zero-order line array in layer 701 may have a first pitch. A first
and third portions of the zero-order line array of layer 702
may have a pitch approximately equal to the first pitch. A
second portion of the zero-order line array of layer 702 may
have a second pitch that is different from the first pitch. This
results in a target that has a constant, zero-order response,
except for the central region where the first and second lines
have a different pitch. This may be particularly useful to
eliminate direct overlay of different level features when over-
laid manufacturing presents areal challenge. That s, the same
lower frequency, higher order optical effect may be used
without completing a full phase revolution.

[0032] FIG. 8A is a simulated graph of a target pattern
discussed in this example showing curve 801 and fiducials
802. F1G. 8B shows a zoom in the central 20 features of curve
801 showing five different offsets 803-807 for different simu-
lations. The magnification factor of this arrangement is shown
by curve 808 to be of about 40 times—i.e., a real overlay
offset of about 2 nm is perceived as an asymmetry in curve
801 of about 80 nm. It should be noted that curve 801 exhibits
better fiducial behavior than curves 501 or 601 depicted in
FIGS. 5A and 6A, respectively.

[0033] As a person of ordinary skill in the art will readily
recognize in light of this disclosure, the present invention
provides numerous advantages over conventional overlay
metrology systems and methods. For example, certain
embodiments of the present invention allow optical overlay
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measurements to be performed using device-sized dimen-
sions and very dense targets and conventional imaging tech-
niques. In addition, overlay targets of the present invention
enable a magnification of the actual overlay offset by factors
of' 10 or 20, for example, based on the relative values of the to
be described pitch. As a result, a 2 nm actual overlay offset
can yield a 20 nm or 40 nm offset in the reflected signal. The
techniques described herein have no limitation on feature size
and feature density.

[0034] The concept of the fiducial lines is important. Dif-
ferent fiducial lines may allow the upper or lower structure to
extend laterally beyond the other structure a distance to allow
no interaction or nonlinearity of the fiducials. Further, fidu-
cials are not amplified with the magnification factor and as
such are less sensitive to errors. On the other hand, the design
of alternative fiducials may improve measurement perfor-
mance and accuracy.

[0035] Additional applications of the present invention
may involve alignment systems. In a lithographic stepper, for
example, arrays are used for aligning the current lithographic
exposure level to an existing level. In one embodiment, an
alignment array is brought into optical proximity to another
single zero-order array, each array having a different pitch
pattern. Alternatively, an alignment array and a reference
array may be brought to optical proximity through propaga-
tion in an optical medium. The measured array and the refer-
ence array must act as a superstructure to yield the effects
described herein together, and the lateral shift of the higher
order optical content may be monitored. This effect may be
based upon having two different pitches in the zero-order
dense range, with pitch differences designed to yield higher
order reflected optical effects.

[0036] Although certain embodiments of the present inven-
tion and their advantages have been described herein in detail,
it should be understood that various changes, substitutions
and alterations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.
Moreover, the scope of the present invention is not intended to
be limited to the particular embodiments of the processes,
machines, manufactures, means, methods, and steps
described herein. As a person of ordinary skill in the art will
readily appreciate from this disclosure, other processes,
machines, manufactures, means, methods, or steps, presently
existing or later to be developed that perform substantially the
same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized
according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufactures, means, methods, or
steps.

1. An overlay target comprising:

a first zero-order line array fabricated on a first layer of a
semiconductor structure, the first zero-order line array
having a first pitch; and

a second zero-order line array fabricated on a second layer
of the semiconductor structure, the second zero-order
line array having a second pitch.

2. The overlay target of claim 1, a portion of the second
zero-order line array being positioned to become optically
coupled to a portion of the first zero-order line array when
subject to an overlay measurement procedure.

3. The overlay target of claim 1, the second pitch being
different from the first pitch.
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4. The overlay target of claim 1, the second pitch compris-
ing a variable pitch.

5. The overlay target of claim 4, the variable pitch com-
prising:

a first set of features having a pitch approximately equal to

the first pitch;

a second set of features having a pitch different from the

first pitch; and

athird set of features having a pitch approximately equal to

the first pitch, the second set of features being positioned
between the first and third sets of features.

6. The overlay target of claim 1, the first and second layer
being adjacent to each other.

7. The overlay target of claim 1, the first layer comprising
a silicon substrate.

8. The overlay target of claim 7, the second layer compris-
ing a resist layer.

9. The overlay target of claim 1, further comprising an
intermediate layer between the first and second layers.

10. The overlay target of claim 9, the intermediate layer
comprising a polycrystalline silicon layer.

11. A method comprising:

providing a semiconductor substrate;

etching a first zero-order line array on the semiconductor

substrate, the first zero-order line array having a first
pitch;

depositing a polycrystalline silicon layer over the first zero-

order line array portion of the semiconductor substrate;
depositing a resist over the polycrystalline silicon layer;
and

imaging a second zero-order line array upon the resist, the

second zero-order line array having a second pitch.

12. The method of claim 11, a portion of the second zero-
order line array being positioned to become optically coupled
to a portion of the first zero-order line array when subject to an
overlay measurement procedure.
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13. The method of claim 11, the second pitch being difter-
ent from the first pitch.

14. The method of claim 11, the second pitch comprising a
variable pitch.

15. The method of claim 14, the variable pitch comprising:

a first set of features having a pitch approximately equal to

the first pitch;

a second set of features having a pitch different from the

first pitch; and

athird set of features having a pitch approximately equal to

the first pitch, the second set of features being positioned
between the first and third sets of features.

16. A method comprising:

providing a semiconductor substrate;

creating an overlay target on the semiconductor substrate,

the target comprising:

a first zero-order line array fabricated on a first layer of
a semiconductor structure, the first zero-order line
array having a first pitch; and

a second zero-order line array fabricated on a second
layer of the semiconductor structure, the second zero-
order line array having a second pitch;

imaging the overlay target to determine an offset; and

correcting the offset.

17. The method claim 16, a portion of the second zero-
order line array being positioned to become optically coupled
to a portion of the first zero-order line array during the imag-
ing step.

18. The method of claim 16, where determining the offset
comprises performing image folding with respect to at least
one intermediate point between a pair of fiducials.

19. The method of claim 16, where determining the offset
comprising accounting for a magnification factor.

20. The method of claim 16, where correcting the offset
comprises re-positioning a semiconductor manufacturing
tool to compensate for the offset.
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